INTRODUCTION
Serum tumor markers including CEA and CA 19-9 are commonly used to predict prognosis in colorectal cancer patients. The American Society of Clinical Oncology (ASCO) guidelines for the use of tumor markers in colorectal cancer have recommended CEA measurement for preoperative staging and treatment planning, as well as postoperative follow-up. However, in routine practice, checking the level of CA 19-9 as a marker of colon cancer is not recommended for screening, diagnosis, staging, or monitoring colorectal cancer [1] .
CA 19-9 was described by Koprowski et al. [2] in 1979 as a monoclonal antibody against a human colorectal cancer cell line. It promotes adhesion of cancer cells to endothelial cells and plays a role in tumor progression [3, 4] . CA 19-9 is often used in combination with CEA to manage colorectal cancer patients, even though it is a less sensitive tumor marker [5] . Although the ASCO guidelines suggest that there is insufficient evidence for using CA 19-9 in colorectal cancer patients [1] , several studies have demonstrated the usefulness of CA 19-9 as an indicator of prognosis and recurrence [6] [7] [8] [9] [10] [11] .
In the present study, we sought to investigate the usefulness of preoperative serum CA 19-9 level as a prognostic factor in a large cohort of colorectal cancer patients at a tertiary hospital.
METHODS
Between January 2008 and December 2011, 4,794 consecutive patients who underwent curative resection for colorectal cancer at the Samsung Medical Center were enrolled and clinical and pathologic characteristics analyzed. We collected patient data from the prospectively managed colorectal cancer database at Samsung Medical Center. Insufficient data were re-evaluated using electronic medical charts. This study was approved by the Institutional Review Board (IRB) of Samsung Medical Center (2018-07-010-001). Written informed consent was waived by the IRB.
Serum levels of CA 19-9 and CEA were measured via chemiluminescent immunoassay in the laboratory of the same hospital. Preoperative CA 19-9 and CEA were measured, with CEA ≥5 ng/mL and CA 19-9 ≥37 ng/mL regarded as elevated. Patients were divided into the normal CA 19-9 group (n = 4,354, 90.8%), and the high CA 19-9 group (n = 440, 9.2%). In order to evaluate the oncologic effects of serum CA 19-9, we used 20:1 propensity score matching to adjust for potential baseline confounders including age, sex, preoperative CEA level, tumor location and size, cell differentiation, and pathologic T, N, and M stage, lymphatic invasion, perineural invasion, vascular invasion, and AJCC stage. After matching, a total of 4,021 patients, 3,597 (89.5%) in the normal CA 19-9 group and 424 (10.5%) for high CA 19-9 group, were analyzed.
During the follow-up period, the patients visited the outpatient clinic every 3 months for the first 2 years, every 6 months for the subsequent 3 years, and annually thereafter. Regular laboratory tests including serum CEA and CA 19-9 were performed. Chest CT and abdominopelvic CT scans were performed every 6 months or every year during the followup period. Peritoneal seeding was diagnosed intraoperatively in cases of stage IV disease, and postoperative recurrence as peritoneal carcinomatosis was diagnosed by findings during reoperation for recurrence or the presence of abnormal intraperitoneal nodules or peritoneal thickening as detected on abdominopelvic CT scans or PET CT scans.
Statistical analyses were carried out using SAS ver. 9.4 (SAS Institute Inc., Cary, NC, USA) and R3.2.2 (R Foundation for Statistical Computing, Vienna, Austria). We used KolmogorovSmirnov test for the normality test. The significance of differences between groups was evaluated using the chi-square test, 2 sampled t-test or analysis of variance, as appropriate. Survival rates were calculated using the Kaplan-Meier method, and prognostic factors and survival curves were compared using the log-rank test. A P-value of 0.05 or less was considered statistically significant.
RESULTS

Clinicopathologic characteristics of the patients before and after propensity score matching
The clinicopathological characteristics of the patients included in the study are listed in Table 1 . The median followup period was 56.1 months and 55.3 months in the normal and high CA 19-9 groups, respectively. The median age was 60 years in the normal CA 19-9 group and 59 years in the high CA 19-9 group (P = 0.428). Patients with high CA 19-9 levels had significantly higher preoperative CEA levels. Of the 440 patients with high CA 19-9 levels, 192 patients (43.6%) also had a high preoperative serum CEA level (P < 0.001). Patients with high CA 19-9 levels were also more likely to have aggressive pathologic features. The average tumor size (mean ± standard deviation) was 4.1 ± 2.4 cm in the normal CA 19-9 group, and 5.7 ± 2.5 cm in the high CA 19-9 group (P < 0.001). Poorly differentiated/ mucinous adenocarcinoma and signet ring cell carcinoma were significantly more frequent in the high CA 19-9 group (P < 0.001). Lymphatic invasion was detected in 1,312 patients (30.1%) in the normal CA 19-9 group, and in 216 patients (49.1%) in the high CA 19-9 group (P < 0.001). Venous invasion was observed in 718 patients (16.5%) in the normal CA 19-9 group and in 137 patients (31.1%) in the higher CA 19-9 group (P < 0.001). AJCC stage was more advanced in the high CA 19-9 group than in the normal preoperative serum CA 19-9 (P < 0.001).
After propensity score matching, 424 patients among 4,021 patients (10.5%) showed a high preoperative CA 19-9 level. There were no significant differences between the 2 groups in age, sex, preoperative CEA level, T, N, or M stage, histologic grade of differentiation, or lymphovascular/perineural invasion after propensity score matching. The clinicopathological characteristics of the matched patients are presented in Table 1 .
Survival according to preoperative CA 19-9 levels
Survival analyses according to preoperative CA 19-9 levels of matched patients are shown in Fig. 1 . The 5-year overall survival rate was 91.9% in the normal CA 19-9 group and 79.7% in the high CA 19-9 group (P < 0.001). Patients with high preoperative CA 19-9 levels tended to show a decrease in the survival rate for all stages compared to those with normal levels, but this was not significant for stage I patients (Fig. 2) . The 5-year diseasefree survival rate was 82.7% in the normal CA 19-9 group and 70.2% in high CA 19-9 group (P < 0.001). The 5-year diseasespecific survival rate was also significantly different between the 2 groups (93.5% vs. 82.9%, P < 0.001). High preoperative CA 19-9 levels were significantly associated with poor prognosis for stages III and IV (Fig. 3 ).
Jung Kyong Shin, et al: Carbohydrate antigen 19-9 levels in colorectal cancer Analysis of the prematching cohort showed similar results. The 5-year overall survival rate was 92.9% in the normal CA 19-9 group and 77.7% in the high CA 19-9 group (P < 0.001).
The 5-year disease-free survival rate was 83.1% and 64.8% in the normal and high CA 19-9 groups, respectively (P < 0.001).
The 5-year disease-specific survival rate was also significantly different between the 2 groups (95.9% vs. 85.0%, P < 0.001). Survival according to preoperative CA 19-9 and CEA levels after propensity score matching
Survival analysis according to preoperative CA 19-9 and CEA levels is shown in Fig. 4 . The 5-year overall survival rate was 94.1% in patients with normal results for both measures, 85.2% in patients with elevated CEA and normal CA 19-9 (P < 0.001), and 79.6% in patients with elevated CA 19-9 and normal CEA (P < 0.001). Patients with a preoperative increase in only CA 19-9 had significantly decreased 5-year overall survival compared with patients with a preoperative increase of only CEA (79.6% vs. 85.2%, P = 0.048). The 5-year disease-free survival rate was 84.9% in patients with normal CEA and CA 19-9, 71.2% in patients with elevated CEA and normal CA 19-9 (P < 0.001), and 72.9% in patients with elevated CA 19-9 and normal CEA (P < 0.001). However, there was no significant difference in 5-year disease-free survival between patients with a preoperative increase only one of the two measures (CA 19-9 vs. CEA, 72.9% vs. 71.2%, P = 0.932).
We analyzed fiver-year overall survival and disease-free survival with stages I, II, III, and IV disease. In stage IV, the 5-year overall survival rate was 45.0% in patients with normal CEA and elevated CA 19-9, 67.5% in patients with elevated CEA and normal CA 19-9 (P = 0.006). There was no significant difference in 5-year disease free survival and overall survival in stages I, II, and III.
Prognostic factors for DFS and OS
Univariate and multivariate analyses were performed to evaluate the value of CA 19-9 elevation as an independent prognostic factor with respect to overall survival and diseasefree survival. On univariate analysis (Table 2) , factors associated with poorer overall survival included age <60 years, high preoperative CA 19-9 and CEA levels, lymphovascular and perineural invasion, pathologic T3 or T4 category, pathologic N1 or N2 category, and poorly differentiated/mucinous adenocarcinoma or signet ring cell carcinoma. In multivariate analysis age, high CA 19-9 and CEA levels, lymphovascular invasion, pathologic T and N stage, and histologic differentiation were associated with poorer overall survival.
Over a median follow-up period of 56 months, colorectal cancer recurred in 806 patients (665 patients with normal CA 19-9 levels, 141 patients with high CA 19-9 levels). Factors associated with poorer disease-free survival on univariate analysis (Table 3) included high preoperative CA 19-9 and CEA levels, lymphovascular and perineural invasion, pathologic T3 or T4 disease, pathologic N1 or N2 disease, and poorly differentiated or mucinous adenocarcinoma or signet ring cell carcinoma. In multivariate analysis, high CA 19-9 and CEA levels, lymphovascular invasion, pathologic T and N stage, and histologic differentiation were associated with poorer diseasefree survival.
Patterns of recurrence according to preoperative CA 19-9 levels
Of the 4,021 colorectal cancer patients who underwent curative primary tumor resection, 806 patients (20.0%) showed recurrence during the follow-up period. Recurrence was observed in 141 patients (33.3%) with elevated preoperative CA 19-9 levels and in 665 patients (18.5%) with normal CA 19-9 levels (P = 0.001). With regard to the recurrence site, patients with high CA 19-9 levels showed significantly higher rates of peritoneal carcinomatosis (18.4%) than patients with normal CA 19-9 levels (7.1%) (P < 0.001) ( Table 4) . 
DISCUSSION
In the present study of 4,021 patients with colorectal cancer, high preoperative serum CA 19-9 level was a marker of poor prognosis. Both serum CEA and CA 19-9 levels have been used in the past as prognostic markers in colorectal cancer. CEA is listed as an independent prognostic factor for colorectal cancer in several consensus treatment guidelines [1, 12] . Preoperative CEA is an important independent variable in predicting prognostic outcome [13, 14] ; adding it to the staging system has even been considered [8] . In contrast, the clinical significance of pre-CA 19-9 remains controversial.
This propensity score matching study was designed to compare patients with high preoperative CA 19-9 levels to those with normal preoperative CA 19-9. Our study showed that high preoperative serum CA 19-9 levels were prognostic factors for colorectal cancer. This finding is in agreement with previous results indicating that high preoperative CA 19-9 is a marker of poor prognosis [8, [15] [16] [17] . Nakagoe et al. [5] reported that high preoperative serum CA 19-9 was an independent predictor of subsequent cancer recurrence in patients with node-negative colorectal cancer treated with curative resection. In contrast, several studies have reported contradictory results [18, 19] . CA 19-9 had no predictive superiority over CEA in colorectal cancer patients in a study by Morita et al. [19] , who suggested that CA 19-9 could not be used to predict prognosis or detect recurrence of colorectal cancer.
However, most previous studies enrolled small number of patients. Our study analyzed a large number of colorectal cancer patients in a single institution; moreover, most of the enrolled patients were followed for more than 3 years. Although this study was retrospective in design, the data were collected prospectively. Moreover, the propensity score matching was performed on the initial cohort in order to adjust for any difference in average outcomes. In this study, we found that a high preoperative serum CA 19-9 level was an independent marker of poor prognosis in patients with colorectal cancer with a predictive value as strong as preoperative serum CEA.
Preoperative CA 19-9 was found to be significantly associated with 5-year DFS and OS in advanced (stages III and Jung Kyong Shin, et al: Carbohydrate antigen 19-9 levels in colorectal cancer Values are presented as mean ± standard deviation or number (%).
IV) colorectal cancer. Preoperative CA 19-9 levels were not prognostic in patients with stage I disease, which may have been because not only the small number of early-stage patients in our study, but also the recurrence rates in cancers detected at the early stage were much lower than those detected in the advanced stage. Thus, CA 19-9 levels may also be related to tumor stage, and may therefore be relatively less effective for predicting outcomes in early-stage disease. Based on this study, patients with high CA 19-9 levels at advanced stages may benefit from risk-adapted follow-up surveillance, which can also facilitate clinical decision-making regarding adjuvant therapy. We also showed that preoperative elevation of both CEA and CA 19-9 was an independent prognostic indicator. An elevated preoperative serum CA 19-9 level was significantly associated with both decreased 5-year overall survival and disease-free survival. Multivariate analysis also indicated that a high preoperative serum CA 19-9 level was an independent prognostic factor of poor DFS and OS. Although new molecular markers are typically focused on predicting clinical outcomes in colorectal cancer patients, our results suggest that serum elevation of CA 19-9 can provide useful clinicopathologic and oncologic information in colorectal cancer.
The present study also demonstrated that an elevated preoperative CA 19-9 level was predictive of peritoneal seeding. There were 26 patients (18.4%) with confirmed peritoneal seeding among the 141 recurrent colorectal cancer cases with high a preoperative CA 19-9 level. Schott et al. [20] demonstrated that isolated tumor cells in the peritoneal cavity of colorectal cancer bound to CA 19-9 monoclonal antibodies at a very high frequency. Yang et al. [21] reported that the mechanism of peritoneal seeding is generally thought to involve free tumor cells from the primary tumor, but some might come from other sources, such as lymph nodes, the liver, or ovaries. They suggested that tumor invasion into peritoneal mesothelial cells might stimulate the expression of CA 19-9, or tumor cells with expression of CA 19-9 might have higher behavior ability of peritoneal metastasis pathway. Based on these previous studies as well as the findings of the present study, we speculate that colorectal cancer patients with high CA 19-9 levels might have a higher likelihood of peritoneal carcinomatosis. Patients with peritoneal carcinomatosis usually exhibit a poorer disease course. Kerscher et al. [22] reported that despite improvements in overall outcome with prolonged median survival in the patient cohort with colorectal cancer, those with peritoneal carcinomatosis have not shown the same benefit. This might be one of the reasons why patients with high CA 19-9 showed poorer overall survival and inferior disease-free survival compared with normal CA 19-9 patients in our study.
The cumulative rates of 5-year overall survival and diseasefree survival were significantly lower in the high CA 19-9 group than in the normal CA 19-9 group. Positive CA 19-9 expression on tumor tissue, and elevated pre and postoperative serum levels were associated with poor survival rates [15, 23] . Our study showed a significant difference in 5-year and disease-free survival curves between elevated serum CA 19-9 and normal CA 19-9 patients. Moreover, patients with preoperative CA 19-9 + /CEA -levels showed poorer 5-year survival compared with patients with CA 19-9 -/CEA + levels. We suggest that the tumor marker CA 19-9 could be used to monitor disease progression in colorectal cancer patients without an increase in CEA levels. This study had several limitations associated with its retrospective nature and single-center design. Subgroup analysis of the patients in terms of perioperative treatment and the effects of chemotherapy or radiation therapy was not performed. And we did not analyze the change of both of the tumor marker levels during the course of the disease.
In conclusion, this study suggests that preoperative serum CA 19-9 level may be a prognostic marker for colorectal cancer and could provide important information regarding peritoneal seeding. Moreover, selection of aggressive follow-up protocols based on preoperative serum CA 19-9 levels might improve patient outcomes.
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